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Introduction

The introduction of the recombinant DNA techniques
in the 1970s paved the way to “Gene Therapy” a novel
branch of modern medicine. Although gene therapy is
still at an experimental stage, it has great potentials
since allows to transfer, into organs and tissues,
genetic information. However, several technical prob-
lems still need to be overcome before this approach
takes over conventional pharmacological treatments
(Hacein-Bey-Abina et al. 2002; Mullen et al. 1996).
Today stem cells, either embryonic or adult, are
acquiring a great deal of attention as they promise,
and rightly so, to be new vehicles for gene therapy.
Unfortunately, the in vivo genetic instability of stem
cells, and even more pronounced for embryonic
derived stem cells, limits their widespread use. The
prototypic example of adult stem cells, the hemato-
poietic stem cells have already been used in gene
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therapy (Aiuti et al. 2002) after being isolated from
bone marrow or after their mobilization into periph-
eral blood. Although adult tissues with high turnover
rate are maintained by tissue specific stem cells, they
themselves rarely divide. Recently, a related stem
cell, the multipotent progenitor cells have been
isolated from bone marrow and these can differenti-
ate into multiple lineages (Gregory et al. 2005).
Other stem cells have been identified, both in the
central nervous system and in the heart, but as of
today they have been less characterized and are not
easily accessible (Stocum 2005).

A major drawback in using adult stem cells is that
it is very difficult to maintain the stem state during
ex vivo manipulations. Adult stem cells tend to loose
their stem cell properties and become more special-
ized since they have the tendency to differentiate.
Culturing conditions may influence the differentiating
capacity of these cells by acting as signal transmitters
(Reya et al. 2003; Willert et al. 2003).

On the other hand, embryonic stem cells maintain
their capacity to differentiate into derivatives of all
three germ layers even after prolonged laboratory
growth. They grow rapidly, they are remarkably
stable and maintain the in vitro capacity to mature
into multiple cell types of the body (Zwaka and
Thomson 2005). These characteristics make embry-
onic stem cells ideal for gene therapy applications.
However, while these cells in culturing dishes appear
remarkably stable, they may accumulate genetic and
epigenetic changes, which may harm the patient.
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While so much is being learned on how to
genetically modify stem cells and how to introduce
them into a tissue or organ, relatively little is known
on how to cryoprotect them from becoming chrom-
osomically unstable, how to maintain them in toxic
free agents and in scaffolds ready to be introduced
into patients. Indeed sporadic chromosomal abnor-
malities in human embryonic stem cells have been
reported which appear to be more frequent when they
are passaged as bulk populations (Draper et al. 2004).
It is then important to optimize culturing conditions,
cryostorage and monitoring systems to be applied to
the newly derived as well as existing cell lines to
decipher any genetic and epigenetic alterations,
which may have taken place.

Technically, cryobiology is the study of living
systems, at any temperature below the standard
physiological range. However freezing temperature
variations above or below the physiological threshold
may be very dangerous if not lethal to all types of
cells (Doxey et al. 2006). The therapeutic use of stem
and progenitor cells from different organs/systems to
treat a variety of human diseases require the devel-
opment of validated, clinical-grade cellular freeze-
thawing procedures to minimize adverse effects or
toxicity to patients (Buchanan et al. 2005). To
achieve successful results of transplantation and
treatment of significant diseases as Parkinson’s
disease, Alzheimer’s disease, leukemia, diabetes,
stroke, muscular dystrophy, hepatic and renal failure
etc., optimum methods need to be developed on how
to obtain stem cells, the way in which they are
cultivated, how and for how long they are cryopre-
served. Essentially, it would be important to develop
protocols for freeze-thawing all clinically relevant
cells in a state for immediate use on patients and,
most of all, establish ways to minimize adverse
responses.

Today, the scientific community is very concerned
with the available cryoprotective agents and their
effects on the function of the cells. Indeed, a number
of non toxic cryopreservation reagents and protocols
have been developed by biotech companies dealing
with this aspect of clinical research. Particular
attention has been given to hematopoietic stem and
progenitor cell conditions since they have been used
to treat a number of human diseases. However, one
aspect of stem cell research, which has not yet been
fully explored, is on the chromosomal stability of
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these cells as a function of duplication time,
cryoprotective reagents and storage conditions. The
variation in chromosome number is probably the
main type of genomic instability recorded and this is
usually manifested as loss or gain of whole chromo-
somes, generally known as aneuploidy (Pathak and
Multani 2006). Chromosome instability is a devas-
tating phenomenon underlying several human
diseases. Aneuploidy arises from meiotic errors and
is almost always found in cancers, but is also
associated with aging. Stochastic or spontaneous
chromosomal variations in somatic cells appear as
low level mosaic aneuploidy which are usually
thought to be insignificant and overlooked probably
due to unapparent phenotypic effects.

This minireview aims to summarize the present
knowledge on the subject.

General aspects of stem cell cryoconservation
conditions, cell duplication and chromosomal
stability

Currently the standard method for human cell cryo-
preservation is slow programmed freezing, using
medium containing human serum albumin and cryo-
protective  molecules such as dextran and
dimethylsulphoxide (DMSO) at high concentrations.
DMSO is an amphipathic molecule and besides
causing adverse effects and toxicity to patients
(Sauer-Heilborn et al. 2004), is known to cause
unexpected changes in cell fate (Edwards et al.
1983; Preisler and Giladi 1975). It is well established
that DNA methylation and acethylation control
mammalian development and cellular differentiation
(Li 2002). DMSO likely affects these epigenetic
changes by acting on one or more of Dnmts (DNA
methyltransfereases) as well as on enzymes which
modify histones (Iwatani et al. 2006). Hypermethy-
lation and hypomethylation may also occur in several
diverse genomic and genic loci thus affecting stem
cells phenotype.

Keeping cells in industrial freezers at —80 to
—130 °C is a routine procedure for cell biologists.
However, such storage may induce substantial dam-
age due to maintaining the cells at temperature higher
than the glass transition temperature of the sample.
Trounson’s group demonstrated that current methods
of freezing, storage and recovery trigger apoptosis
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and spontaneous differentiation of hES with conse-
quent loss of pluripotency (Pera etal. 2000;
Reubinoff et al. 2000). Several other groups have
also confirmed very low survival of hES cell after
slow freezing with DMSO (Heng et al. 2005; Ji et al.
2004; Kim et al. 2004).

A non toxic alternative protectant is trehalose, a
glucose disaccharide which has been shown to
improve the stability of stem cells during freezing,
freeze-drying and air-drying (Rodrigues et al. 2008).
Trehalose forms a glass, a crucial process in cell
preservation and storage in a dry state even at high
temperatures and moisture content. The major prob-
lem in using this disaccharide is the impermeability
of the plasma membrane leading to considerable
difficulty in introducing high concentrations of the
polymer in the cell cytoplasm (Buchanan et al. 2004).
Major manipulations, like cell permeabilization, need
to take place first, but this may affect signalling
pathways due to cell receptor and membrane channel
damages. Contrary to DMSO, the effects of trehalose
on DNA methylation and histone acetylation is still at
an embryonic stage.

Other extracellular water soluble cryoprotective
macromolecules such as dextran, albumin, modified
gelatins, polyvinylpyrrolidone, polyethylene oxide,
polyethylene glycol, and hydroxyethyl starch (HES)
act at the cell membrane surface increasing the
osmolarity of the medium and keeping fewer water
molecules in contact with the cell surface. This
reduces the formation of ice crystals in the interior of
the cell during the freezing process stabilizing the cell
membrane and proteins. Due to these characteristic,
many laboratories are using a combination of DMSO
and HES to cryopreserve stem cells showing better
cell recovery (Clapisson et al. 2004); the synergic
effect exerted by intracellular and extracellular
cryoprotectors lowers the melting temperature of
the membrane phospholipids by hydrogen bonding to
the phospholipids head-groups, thereby preventing
leakage during freezing, drying and rehydration.

Recently, a new slow freezing method by ECM
treatment has been proven as reliable and effective
cryopreservation method for hES. Kim et al demon-
strated that ECMs, as collagene IV and laminin,
could provide a platform for multiple signaling
mechanisms to maintain ES features after thawing
(Kim et al. 2004). Laminin and collagen IV receptors
(x6f1 and o6p4 integrins) are highly expressed in

stem cells and embryonal carcinoma cells and may be
important for the maintenance of the undifferentiated
state (Xu et al. 2001) and to keep a normal karyotype
even at passage 30 after thawing.

Alternative to slow freezing techniques, vitrifica-
tion of hES cells by the open-pulled-straw techniques
has been reported as effective for their cryopreserva-
tion, even if this process could increase the level of
cell death and spontaneous differentiation after
thawing (Reubinoff et al. 2001). Furthermore, the
limited number of hES clumps that could be
cryopreserved simultaneously and the potential haz-
ard of transmission of infective agents to the cells
limit the use of this technique in medicine (Tedder
et al. 1995).

Several studies have shown how freezing/thawing
techniques may lead to alteration in DNA replication
or, possibly, chromatin structure. This suggests that
cryopreservation and prefreezing manipulation might
cause an alteration either in the DNA structure or in
the DNA repairing mechanism. It has also been
suggested that freezing could increase the production
of free radicals (Rao and David 1984), which are
liable to injure DNA (Leibovitz and Siegel 1980). In
any case, the exact target of the complete cycle of
freezing/thawing remains to be clarified.

It has been suggested that DNA instability takes
over not only during meiotic, but also during mitotic
events. Un unequal sister chromatid exchange is
involved in a mechanism of gene tandem duplication
that occur in some human diseases as well as during
cancer transformation. Sister chromatid exchanges
(SCEs) involve breakage of both DNA strands,
followed by an exchange of whole DNA duplexes.
This occurs during S phase and is efficiently induced
by mutagens that form DNA adducts or that interfere
with DNA replication. The formation of SCEs has
been correlated with recombinational repair and the
induction of point mutations, gene amplification and
cytotoxicity (Carrano et al. 1978).

The SCE test has been performed to study
chromosomal abnormalities in frozen-thawed oocytes
showing an increased polyploidy rate (Bouquet et al.
1993) as well as increase in aneuploidy (Kola et al.
1988).

The freezing process gives rise to two major
problems: morphological and chromosomal abnor-
malities that lead to alteration in cell function as
proliferation, differentiation and ultimately survival.
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Freezing and particularly thawing are responsible for
ice and gas bubbles formation both intra- and extra-
cellularly inducing abnormal segregation of chromo-
somes by disruption of spindle microtubules.
Nevertheless although cooling the cells slowly avoids
intracellular ice buildup, which can cause the rupture
of cell membrane, it can result in dehydratation of
cells by the formation of extracellular ice. However,
the combined use of DMSO and cooling seems to
reduce much of these disruptions and have stabilizing
effects on microtubules (Vincent et al. 1990).

Recent studies have hypothesized that mitotic-
spindle checkpoint, which helps maintain chromo-
somal integrity during all cell divisions, functions in
human and mouse ESCs, but does not initiate
apoptosis as it does in somatic cells (Mantel et al.
2007). This allows an unusual tolerance to polyploidy
resulting from failed mitosis, which is common in
rapidly proliferating cell populations and which is
reduced to near-diploid aneuploidy, which is also
common in human neoplastic diseases. Thus, the
spindle checkpoint is “uncoupled” from apoptosis in
ESCs and is a likely source of karyotypic abnormal-
ities. h/mESCs, which do have the molecular
machinery for apoptosis, have a remarkable tolerance
for mitotic failure-induced polyploidy, a condition
rarely observed in most mammalian somatic cells.
Freezing procedures and chemical agents could
therefore trigger DNA breakage and replication
abnormalities that stem cells would tolerate. ESCs,
removed from the context of early embryonic devel-
opment in the preimplantation blastocyst and grown
in culture, could remain uncoupled and subject to
increased genome damage. Considering that recovery
of viable hESCs from freezing is usually very low
and their growth rate is very slow, extended culture
periods are needed, exerting selective pressure on
stem cell populations and leading to expansion of
different sub-populations in different laboratories.

If this is so, it would be extremely important to
develop new strategies to help maintain genomic
fidelity in ESC cultures.

Discussion
In the future, it may be possible to use stem cells

derived from different sources (peripheral, foetal,
amniotic, embryonic and cancer niches) in
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transplantation as a mean to treat severe diseases. A
major concern regarding the use of these cells has
been the possible risk of chromosomal changes
occurring during long-term culture and cryoprotectant
agents. Indeed, several reports have appeared in the
literature which deal with aspects of chromosomal
instability of embryonic stem cells (human and
mouse) while being cultured continuously in vitro
(Inzunza et al. 2004). There are hardly any paper
describing the chromosomal stability of peripheral,
amniotic fluid, and foetal derived stem or progenitor
cells. There is even less literature which deal with the
aspect of chromosomal stability as a function of
cryoconservation reagents and storage conditions.
Certainly telomeres, guanine-rich tandem DNA
repeats of the chromosomal end, provide chromo-
somal stability by protecting the individual
chromosome from disintegration, end-to-end fusion
and maintain the genomic integrity during somatic
cell divisions (Lingner and Cech 1998). Cell replica-
tion induces telomeres loss due to diminished capacity
of the telomerase (a reverse transcriptase which
elongates the telomeric repeats) activity. In somatic
cells, in fact, the telomere length gets shortened
gradually at each cell division which triggers senes-
cence; in embryonic stem cells, the activity of the
telomerase is high thus maintaining their immortality
(Hiyama and Hiyama 2007). Several reports have
appeared in the literature since the first study on
cancer stem cells deriving from haematopoietic
malignancies (Bonnet and Dick 1997) correlating
chromosomal instability and malignant transforma-
tion. Cancer stem cells isolated from haematopoietic
malignancies as well as from solid tumours show
numeric chromosome imbalance and that telomere
attrition is the earliest genetic alteration responsible
for the induction of aneuplody (Pathak and Multani
2006).

This minireview highlights the lack of information
regarding that effects of different culturing tech-
niques and long-term culture on stem cells
chromosomal stability. Since these cells are promis-
ing therapeutic tools, then regular and careful
analysis of the chromosomes constituting the cell
lines is auspicable. Traditional karyotyping, CGH,
FISH and PCR can be used for continuous analysis of
these cells during cultivation, storage and freezing—
thawing. Since the ideal situation is to directly inject
stem cells into patients (from the freezer to the
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patient) then it is recommended to freeze them at low
passage number and in larger batches in order to
secure material in case mutations occur in the cell
line at a later stage of culture.

Acknowledgment We thank NEUROscreen (FP6, EU) for
the valuable support in this research.

References

Aiuti A, Slavin S, Aker M, Ficara F, Deola S, Mortellaro A
et al (2002) Correction of ADA-SCID by stem cell gene
therapy combined with nonmyeloablative conditioning.
Science 296:2410-2413. doi:10.1126/science.1070104

Bonnet D, Dick JE (1997) Human acute myeloid leukemia is
organized as a hierarchy that originates from a primitive
hematopoietic cell. Nat Med 3:730-737. doi:10.1038/
nm0797-730

Bouquet M, Selva J, Auroux M (1993) Cryopreservation of
mouse oocytes: mutagenic effects in the embryo? Biol
Reprod 49:764-769. doi:10.1095/biolreprod49.4.764

Buchanan SS, Menze MA, Hand SC, Pyatt DW, Carpenter JF
(2005) Cryopreservation of Human Hematopoietic Stem
and Progenitor cells loaded with Trehalose:Transient
permaeabilization via the adenosine triphosphate depen-
dent P2Z receptor channel. Cell Preserv Technol 3:212—
222. doi:10.1089/cpt.2005.3.212

Buchanan SS, Gross SA, Acker JP, Toner M, Carpenter JF,
Pyatt DW (2004) Cryopreservation of stem cells using
threhalose: evaluation of the method using a human
hematopoietic cell line. Stem Cells Dev 13:295-305.
doi:10.1089/154732804323099226

Carrano AV, Thompson LH, Lindl PA, Minkler JL (1978)
Sister chromatid exchange as an indicator of mutagenesis.
Nature 271:551-553. doi:10.1038/271551a0

Clapisson G, Salinas C, Malacher P, Michallet M, Philip I,
Philip T (2004) Cryopreservation with hydroxyethylstarch
(HES) + dimethylsulfoxide (DMSO) gives better results
than DMSO alone. Bull Cancer 91:E97-E102

Doxey AC, Yaish MW, Griffith M, McConkey BJ (2006)
Ordered surface carbons distinguish antifreeze proteins
and their ice-binding regions. Nat Biotechnol 24:852-855.
doi:10.1038/nbt1224

Draper JS, Smith K, Gokhale P, Moore HD, Maltby E, Johnson
J et al (2004) Recurrent gain of chromosomes 17q and 12
in cultured human embryonic stem cells. Nat Biotechnol
22:53-54. doi:10.1038/nbt922

Edwards MK, Harris JF, McBurney MW (1983) Induced
muscle differentiation in an embryonal carcinoma cell
line. Mol Cell Biol 3:2280-2286

Gregory CA, Prockop DJ, Spees JL (2005) Non-hematopoietic
bone marrow stem cells: molecular control of expansion
and differentiation. Exp Cell Res 306:330-335.
doi:10.1016/j.yexcr.2005.03.018

Hacein-Bey-Abina S, Le Deist F, Carlier F, Bouneaud C, Hue
C, De Villartay JP et al (2002) Sustained correction of X-
linked severe combined immunodeficiency by ex vivo

gene therapy. N Engl J Med 346:1185-1193. doi:10.1056/
NEJMoa012616

Heng BC, Kuleshova LL, Bested SM, Liu H, Cao T (2005) The
cryopreservation of human embryonic stem cells. Bio-
technol Appl Biochem 41:97-104. doi:10.1042/BA2004
0161

Hiyama E, Hiyama K (2007) Telomere and telomerase in stem
cells. Br J Cancer 96:1020-1024. doi:10.1038/sj.bjc.
6603671

Inzunza J, Sahlen S, Holmberg K, Stromberg AM, Teerijoki H,
Blennow E et al (2004) Comparative genomic hybrid-
ization and karyotyping of human embryonic stem cells
reveals the occurrence of an isodicentric X chromosome
after long-term cultivation. Mol Hum Reprod 10:461-466.
doi:10.1093/molehr/gah051

Iwatani M, Ikegami K, Kremenska Y, Hattori N, Tanaka S,
Yagi S et al (2006) Dimethyl sulfoxide has an impact on
epigenetic profile in mouse embryoid body. Stem Cells
24:2549-2556. doi:10.1634/stemcells.2005-0427

Ji L, de Pablo JJ, Palecek SP (2004) Cryopreservation of
adherent human embryonic stem cells. Biotechnol Bioeng
88:299-312. doi:10.1002/bit.20243

Kim SJ, Park JH, Lee JE, Kim JM, Lee JB, Moon SY et al
(2004) Effects of type IV collagen and laminin on the
cryopreservation of human embryonic stem cells. Stem
Cells 22:950-961. doi:10.1634/stemcells.22-6-950

Kola I, Kirby C, Shaw J, Davey A, Trounson A (1988) Vitri-
fication of mouse oocytes results in aneuploid zygotes and
malformed fetuses. Teratology 38:467—474. doi:10.1002/
tera.1420380510

Leibovitz BE, Siegel BV (1980) Aspects of free radical reac-
tions in biological systems: aging. J Gerontol 35:45-56

Li E (2002) Chromatin modification and epigenetic repro-
gramming in mammalian development. Nat Rev Genet
3:662—673. doi:10.1038/nrg887

Lingner J, Cech TR (1998) Telomerase and chromosome end
maintenance. Curr Opin  Genet Dev 8:226-232.
doi:10.1016/S0959-437X(98)80145-7

Mantel C, Guo Y, Lee MR, Kim MK, Han MK, Shibayama H
et al (2007) Checkpoint-apoptosis uncoupling in human
and mouse embryonic stem cells: a source of karyotpic
instability. Blood 109:4518-4527. doi:10.1182/blood-
2006-10-054247

Mullen CA, Snitzer K, Culver KW, Morgan RA, Anderson
WF, Blaese RM (1996) Molecular analysis of T lym-
phocyte-directed gene therapy for adenosine deaminase
deficiency: long-term expression in vivo of genes intro-
duced with a retroviral vector. Hum Gene Ther 7:1123—
1129. doi:10.1089/hum.1996.7.9-1123

Pathak S, Multani AS (2006) Aneuploidy, stem cells and
cancer. EXS 96:49-64

Pera MF, Reubinoff B, Trounson A (2000) Human embryonic
stem cells. J Cell Sci 113(Pt 1):5-10

Preisler HD, Giladi M (1975) Differentiation of erythroleuke-
mic cells in vitro: irreversible induction by dimethyl
sulfoxide (DMSO). J Cell Physiol 85:537-546.
doi:10.1002/jcp.1040850305

Rao B, David G (1984) Improved recovery of post-thaw
motility and vitality of human spermatozoa cryopreserved
in the presence of dithiothreitol. Cryobiology 21:536-541.
doi:10.1016/0011-2240(84)90052-X

@ Springer


http://dx.doi.org/10.1126/science.1070104
http://dx.doi.org/10.1038/nm0797-730
http://dx.doi.org/10.1038/nm0797-730
http://dx.doi.org/10.1095/biolreprod49.4.764
http://dx.doi.org/10.1089/cpt.2005.3.212
http://dx.doi.org/10.1089/154732804323099226
http://dx.doi.org/10.1038/271551a0
http://dx.doi.org/10.1038/nbt1224
http://dx.doi.org/10.1038/nbt922
http://dx.doi.org/10.1016/j.yexcr.2005.03.018
http://dx.doi.org/10.1056/NEJMoa012616
http://dx.doi.org/10.1056/NEJMoa012616
http://dx.doi.org/10.1042/BA20040161
http://dx.doi.org/10.1042/BA20040161
http://dx.doi.org/10.1038/sj.bjc.6603671
http://dx.doi.org/10.1038/sj.bjc.6603671
http://dx.doi.org/10.1093/molehr/gah051
http://dx.doi.org/10.1634/stemcells.2005-0427
http://dx.doi.org/10.1002/bit.20243
http://dx.doi.org/10.1634/stemcells.22-6-950
http://dx.doi.org/10.1002/tera.1420380510
http://dx.doi.org/10.1002/tera.1420380510
http://dx.doi.org/10.1038/nrg887
http://dx.doi.org/10.1016/S0959-437X(98)80145-7
http://dx.doi.org/10.1182/blood-2006-10-054247
http://dx.doi.org/10.1182/blood-2006-10-054247
http://dx.doi.org/10.1089/hum.1996.7.9-1123
http://dx.doi.org/10.1002/jcp.1040850305
http://dx.doi.org/10.1016/0011-2240(84)90052-X

16

Cytotechnology (2008) 58:11-16

Reubinoff BE, Pera MF, Fong CY, Trounson A, Bongso A
(2000) Embryonic stem cell lines from human blastocysts:
somatic differentiation in vitro. Nat Biotechnol 18:399—
404. doi:10.1038/74447

Reubinoff BE, Pera MF, Vajta G, Trounson AO (2001)
Effective cryopreservation of human embryonic stem cells
by the open pulled straw vitrification method. Hum Re-
prod 16:2187-2194. doi:10.1093/humrep/16.10.2187

Reya T, Duncan AW, Ailles L, Domen J, Scherer DC, Willert
K et al (2003) A role for Wnt signalling in self-renewal of
haematopoietic stem cells. Nature 423:409-414. doi:
10.1038/nature01593

Rodrigues JP, Paraguassu-Braga FH, Carvalho L, Abdelhay E,
Bouzas LF, Porto LC (2008) Evaluation of trehalose and
sucrose as cryoprotectants for hematopoietic stem cells of
umbilical cord blood. Cryobiology 56:144-151.
doi:10.1016/j.cryobiol.2008.01.003

Sauer-Heilborn A, Kadidlo D, McCullough J (2004) Patient
care during infusion of hematopoietic progenitor cells.
Transfusion 44:907-916. doi:10.1111/§.1537-2995.2004.
03230.x

Stocum DL (2005) Stem cells in CNS and cardiac regeneration.
Adv Biochem Eng Biotechnol 93:135-159

@ Springer

Tedder RS, Zuckerman MA, Goldstone AH, Hawkins AE,
Fielding A, Briggs EM et al (1995) Hepatitis B trans-
mission from contaminated cryopreservation tank. Lancet
346:137-140. doi:10.1016/S0140-6736(95)91207-X

Vincent C, Pickering SJ, Johnson MH, Quick SJ (1990)
Dimethylsulphoxide affects the organisation of microfil-
aments in the mouse oocyte. Mol Reprod Dev 26:227—
235. doi:10.1002/mrd.1080260306

Willert K, Brown JD, Danenberg E, Duncan AW, Weissman
IL, Reya T et al (2003) Wnt proteins are lipid-modified
and can act as stem cell growth factors. Nature 423:448—
452. doi:10.1038/nature01611

Xu C, Inokuma MS, Denham J, Golds K, Kundu P, Gold JD
et al (2001) Feeder-free growth of undifferentiated human
embryonic stem cells. Nat Biotechnol 19:971-974.
doi:10.1038/nbt1001-971

Zwaka TP, Thomson JA (2005) Differentiation of human
embryonic stem cells occurs through symmetric cell
division. Stem Cells 23:146-149. doi:10.1634/stemcells.
2004-0248


http://dx.doi.org/10.1038/74447
http://dx.doi.org/10.1093/humrep/16.10.2187
http://dx.doi.org/10.1038/nature01593
http://dx.doi.org/10.1016/j.cryobiol.2008.01.003
http://dx.doi.org/10.1111/j.1537-2995.2004.03230.x
http://dx.doi.org/10.1111/j.1537-2995.2004.03230.x
http://dx.doi.org/10.1016/S0140-6736(95)91207-X
http://dx.doi.org/10.1002/mrd.1080260306
http://dx.doi.org/10.1038/nature01611
http://dx.doi.org/10.1038/nbt1001-971
http://dx.doi.org/10.1634/stemcells.2004-0248
http://dx.doi.org/10.1634/stemcells.2004-0248

	Is stem cell chromosomes stability affected �by cryopreservation conditions?
	Introduction
	General aspects of stem cell cryoconservation conditions, cell duplication and chromosomal stability
	Discussion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


